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While much national attention has been focused on increasing the participation of underrepresented minorities (URMs) in the STEM fields, considerable gaps remain in terms of educational attainment between URMs and other racial/ethnic groups. Differences are particularly stark at the doctoral levels, where underrepresented minorities accounted for only 3.3% of STEM PhDs awarded in 2005. 14 A recent longitudinal study of minority PhDs in STEM disciplines found that long-term academic success (i.e., placement and tenure for URM faculty members) requires long-term development both within and beyond graduate school. Such training must include multi-faceted professional development (e.g., grant writing, public speaking, and publishing research), as well as social dynamics such as networking within the STEM community. 10 The National Science Foundation (NSF) has responded to these challenges with the Alliances for Graduate Education and the Professoriate (AGEP) program. AGEP seeks to increase the number of underrepresented students receiving doctoral degrees in STEM disciplines-with particular attention upon increasing the number who will enter the professoriate in these disciplines and serve as mentors to promising minority scholars in the educational pipeline.
This paper seeks to examine the longitudinal impact of one such program at a large engineering school in the Southeast. The program Facilitating Academic Careers in Engineering and Science (FACES) was designed to provide a set of co-curricular enrichment activities that foster the necessary mentoring of underrepresented minorities. The research design utilized a survey of alumni (who graduated between 2003 and 2011), and it measured their employment outcomes and perceptions of career preparation. Utilizing parametric (ANOVA) and non-parametric statistical methods, participants in the program were compared to two control groups-URM STEM graduates who did not participate in the mentorship program and non-URM STEM graduates. The research questions of interest: 1) Are doctoral recipients who participated in the FACES program more likely to gain employment in academia?
2) Are there differences in self-reported professional skills for former FACES fellows when compared to other URM doctoral recipients as well as to non-URM PhDs?
Results demonstrate that FACES participants were over 2.5 times more likely to report working in a faculty or academic professional position than were the non-URM STEM graduates, and were nearly twice as likely compared with URM graduates without the program experience. Additionally, on seven of a set of 15 knowledge, skills, and abilities items, ANOVA results demonstrated higher levels of preparation for program participants. The paper will describe specific programmatic approaches that were effective in URM Page 26.887.2 graduate persistence and subsequent placement into academic (as opposed to industrial) careers.
I. Introduction
For decades, the United States has enjoyed a leadership role in science, technology, engineering, and mathematics (STEM) fields. The investment that the U.S. has made in science and engineering research in industry, universities, and government laboratories has benefited the nation in exports sold, jobs created, and increased productivity. This nation, as well as other nations throughout the world, has recognized in prior years that a highly skilled STEM workforce remains essential for economic strength.
In recent years, the level of awareness of this fact has come into question. While other nations have been taking proactive measures to increase the capacity of STEM higher education systems, attract foreign students and workers, and enhance the attractiveness of their homeland to expatriates to return to participate in growing national economies and research enterprises, 13 such activity in the U.S. has stagnated or declined. In recent years, for example, the overall production of STEM doctoral degrees in the U.S. has fallen. From 1998 through 2005, the number of U.S. citizens or permanent residents earning such degrees declined by more than 13 percent. 16 Not only do such advanced degree holders play an essential role in the education of the future STEM workforce, they are also active participants in economic development and innovation themselves.
Another symptom of this state of malaise is the limited progress that has been achieved in reaching parity in participation among all segments of the U.S. population in STEM education. Despite some gains in the representation of minorities in engineering and science, a parity gap persists. In 2008, 12.4% of students who earned BS degrees in engineering came from underrepresented minority (URM) populations.
14 Although this represents a modest increase over the previous decade (11.5% in 1995), minority representation drops for advanced engineering degrees, as only 7.0% of Master's and 3.3% of the PhD degrees awarded in 2005 were earned by these students. 14 This has led to a low number of tenured and tenure-track URM engineering faculty (< 5%). 2 There is much reason to be concerned about the low participation rates of underrepresented minority groups. Demographic studies indicate that the ethnicity of the U.S. workforce is changing dramatically. According to Census Bureau projections, non-Hispanic white males will decline as a fraction of the working age (18 to 64) population from 37% in 1995 to 26% in 2050. Over that same span, the fraction of African-Americans in the workforce will increase from 12% to 14%, and that of Hispanics will increase from 10% to 24% (see Figure 1) . The end result is that currently underrepresented groups will increase from about a quarter of the workforce to nearly half (47%). The current and projected need for more STEM workers, coupled with the fact that women, minorities, and persons with disabilities comprise an increasing proportion of the labor pool, argue for policies, programs, and resources that support greater participation by these groups in STEM education and careers.
It will be extremely difficult to diversify the undergraduate and graduate student bodies in STEM, however, without diversifying the environments in which these students are educated.
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Thus, much of this burden rests squarely on the faculty. Efforts to change the composition of STEM faculty-that sector of the academic world with great potential to reach large numbers of students-are daunting. Among the challenges faced by today's university is how to grow and nurture a "culturally competent" faculty-irrespective of their race, ethnicity, gender, age, and other variables. Ultimately, it is the faculty that must become adept at encouraging the success of all students. Considerable work has been performed to understand the unique challenges URM students face in the path to academic careers in STEM disciplines. Within the past decade, major efforts to review URM participation in the STEM workforce have been performed by George, Neale, Van Horne, and Malcom 8 and Poirier, Tanenbaum, Storey, Kirshstein, and Rodriguez. 16 Earlier reviews include Clewell and Anderson. 6 Much of the literature describes a pipeline that begins in middle-grade education and culminates in graduate and post-doctoral decisions to pursue tenuretrack faculty or other STEM career opportunities. As students traverse each stage of their education (i.e., from middle school to high school, high school to undergraduate, from undergraduate to graduate, and from graduate to career), they confront various obstacles that can deter them from STEM careers. For example, at the high school level, research has identified course-taking behavior (e.g., lack of adequate math and science coursework), 1 performance on standardized tests, 4 and lack of encouragement by teachers or family. 3 At the undergraduate level, lack of adequate financial aid, inadequate academic preparation, and a similar lack of encouragement by faculty and college staff have been identified as posing particular challenges for URM students. 5, 18, 20 At the graduate level, lack of adequate financial aid and scarcity of minority peers, mentors, and role models are commonly cited as barriers to academic careers. 17, 19, 9 A recent longitudinal study of minority PhDs in STEM disciplines found that long-term academic success (i.e., placement and tenure for URM faculty members) requires long-term development both within and beyond graduate school. Such training must include multi-faceted Page 26.887.4
professional development (e.g., grant writing, public speaking, and publishing research), as well as social dynamics such as networking within the STEM community. 10 Logically, the challenges posed by the lack of financial resources and lack of peer and faculty mentorship are cumulative from high school through graduate school and beyond. URM students are more likely to complete their baccalaureate educations with higher debt burdens than their majority peers, thus the prospect of a long slog to a STEM doctorate with the likely prospect of further training at the postdoctoral level makes the alternative of a career in medicine or a STEM job in industry more appealing. Meanwhile, the attrition of minority students through the pipeline tends to leave URMs isolated and without either student or faculty peers to guide their career development.
In 1998, the National Science Foundation (NSF) responded to these challenges described by researchers with its Minority Graduate Education program, which subsequently transitioned to the Alliances for Graduate Education and the Professoriate (AGEP) program. AGEP seeks to increase the number of underrepresented students receiving doctoral degrees in STEM disciplines. 15 The scarcity of role models and mentors constitutes a significant barrier to producing minority graduates, so the NSF is particularly interested in increasing the number who will enter the professoriate in these disciplines. The specific objectives of the AGEP program have been to: (1) develop and implement innovative models for recruiting, mentoring, and retaining minority students in doctoral programs; and (2) develop effective strategies for identifying and supporting underrepresented minorities who want to pursue academic careers. AGEP also supports a research effort to identify major factors that promote successful transition of minority students from: (1) undergraduate through graduate study; (2) course-taking in the early years of the graduate experience to independent research required for completion of a dissertation; and (3) the academic environment to the workplace. Thirty AGEP alliances, involving more than 100 universities and colleges, have been established.
One such alliance is Facilitating Academic Careers in Engineering and Science (FACES), which is one of the original cohorts of AGEP programs formed in 1998. FACES is a collaborative effort between {institutions withheld} that is comprised of several components, each designed to assist underrepresented engineering and science students with navigating the path to an academic career. These components include support at a variety of points along the career pipeline: undergraduate research scholarships; fellowship supplements; and career initiation grants or "portable" post-doctoral fellowships, which graduating doctoral students use as start-up funds to assist in establishing their research programs in their initial academic appointments. The FACES program has been substantially successful. Since its inception, more than 300 minority students have received PhD degrees in science or engineering at {institution withheld}, ten percent of which entered academia as direct beneficiaries of FACES, and ten of which received meritorious young investigator awards. 11 A key aspect of the FACES program is the extensive use of mentoring and enrichment activities. Monthly enrichment seminars expose FACES fellows to training in traditionally pivotal topics such as grant writing, interviewing skills, and research ethics; as well as more recently highlighted social sensitivities such as work-family balance and effective networking within one's discipline. These 2) Are there differences in self-reported professional skills for former FACES fellows when compared to other URM doctoral recipients as well as to non-URM (i.e., white and Asian) PhDs?
Identifying answers to these research questions is the objective of the current study. The study is organized as follows: Section II describes the evaluation methodology used to do so. Section III presents quantitative results, and these results are discussed in greater detail in Section IV. Conclusions are provided in Section V.
II. Methodology
To The authors are mindful of the fact that comparisons between these groups are complicated by the fact that the FACES degree recipients span a greater range of time since graduation (one to eight years), while the control groups have all graduated between three and five years. Collecting data from more recent (and older) FACES graduates was necessary in order to obtain a sufficient sample size for analysis. Analysis of variance was performed on the control groups to determine Page 26.887.6
if there were any differences in mean response based on graduation year (within the three years in the sample). No significant differences were found, which supports the assumption that respondents' opinions and perceptions are relatively stable across time.
Chi-square tests for sample representativeness revealed no significant differences between the groups based on gender or college. Table 1 highlights the demographic composition of the three groups. the control groups, post-doctoral positions were included as "academic professionals." As seen in Table 2 , FACES alumni were over 2.5 times more likely to report working in a faculty or academic professional position than were the non-URM STEM graduates, and nearly twice as likely to be in an academic field compared with URM graduates without the FACES experience. The second research question addressed whether there were differences in terms of preparation in a variety of knowledge, skills, and abilities. The survey asked alumni to reflect on their graduate education as well as to describe their current career situation. Retrospectively, alumni were asked the extent to which they agreed that {institution withheld} adequately prepared them in a variety of skills, abilities, and attributes. A priori, 15 of the 33 items were selected as being those most likely impacted by the FACES program. The responses were in the form of a sixpoint Likert scale ranging from "Strongly Agree" to "Strongly Disagree." Analysis of Variance (ANOVA) was performed on these selected items to compare the mean response for the FACES alumni, URMs who did not participate in FACES, and the non-URM STEM PhDs.
The ANOVA results are presented in Table 2 . Post-hoc tests (LSD or Games-Howell, as appropriate) were performed for any F values that were found significant at p < 0.10 and are presented in Table 3 . (Due to the lack of power resulting from relatively low sample sizes in the FACES and URM groups, the more liberal alpha level of p < 0.10 was chosen to indicate a significant finding). The ANOVA results demonstrate a significant omnibus effect for eight of the 15 items. Of these, four were significant at p < 0.10, and four were significant at p < 0.05. Post hoc tests conducted on these items demonstrated significant differences between the FACES alumni and at least one of the comparison groups in 7 of the 8 items. FACES alumni expressed higher levels of preparation compared to non-URM STEM alumni in teaching a college level course in their respective disciplines, giving job talks, thinking critically and logically, understanding professional and ethical responsibilities, engaging in lifelong learning, and exercising leadership skills. FACES alumni expressed higher levels of preparation compared to other URM alumni on three items-communicating in a business environment, thinking critically and logically, and understanding professional and ethical responsibilities. On the remaining item-writing for academic publications-FACES alumni were statistically equivalent to the non-URM group. Effect sizes for the significant items were small 7 with η 2 values near 0.02.
IV. Discussion
The need to increase the number and percentage of URMs pursuing careers in academia has been noted by many researchers and has been explicitly placed as a policy priority by the United States government. 13 AGEP programs such as FACES have worked for over a decade to increase the number of students moving through the educational pipeline with the ultimate goal of improving the odds that young scholars might join the academic ranks as fully prepared with Page 26.887.12 respect to research and professional skills. The co-curricular interventions undertaken by the FACES initiative appear to be successful on at least two dimensions. First, placement data collected by alumni surveys clearly indicate a significantly larger proportion of FACES doctorates were working in an academic setting. Indeed, FACES graduates were two and a half times more likely to be working in the academy than their majority (i.e., Asian and white) counterparts. Additionally, FACES graduates were almost twice as likely to be working in academia as were URM doctorates that did not participate in the FACES program.
Second, the ANOVA results of self-reported preparation on a variety of knowledge, skills, and abilities indicate that in six of the fifteen selected items, FACES participants reported higher levels of preparation than their majority (i.e., Asian and White) counterparts. FACES participants reported higher preparation than non-FACES URMs on three of the selected items. It should be noted there were no items in which the majority group rated their skills higher than the FACES group. In other words, the FACES graduates were either statistically similar to the majority group or considered themselves better prepared in all of the items analyzed. The types of skills stressed by the FACES program-such as college-level teaching, giving job talks, or exercising leadership skills-are those that might provide a competitive edge for one beginning an academic career. The fact that FACES graduates exhibit a higher level of confidence in their graduate preparation than do their majority counterparts is an indicator of success for the FACES approach to academic career preparation.
V. Conclusion
A multi-faceted approach has been developed to retain, encourage, and prepare URM STEM graduate school talent for subsequent service in academia. This is in response to the critical need to increase the presence of such demographics in the STEM professoriate. The NSF AGEP program FACES has engaged such doctoral students in various enrichment activities that focus upon greater insights and preparedness regarding academia. These intervention measures have included monthly enrichment seminars during the school year, wherein URM STEM faculty convey insights and skills needed for academic success; teaching practica opportunities for graduate students to receive formal support en route to co-instructing university classes; travel support to present at STEM research conferences; and ultimately additional "start-up" resources for early career efforts related to academia.
These investments have resulted in statistically relevant indications that the participants' confidence in, and subsequent pursuit of, service in academia compares favorably to other groups in {institution withheld}'s STEM graduate programs. The challenge of addressing the "leaky pipeline" of STEM talent requires both retention during formal education and career direction after the attainment of the terminal degree. Efforts such as FACES that further motivate URM STEM talent to target academic careers can substantially impact the diversity of our nation's STEM professionals.
